
crease (over that of untreated animals) in amino acid
incorporation, which also varied with the duration of
exposure to the antibiotic.

These studies support and extend those reported
earlier (McWhinnie and Johanneck, 1966) and will
be, pursued to ultimately disclose the role of soluble or-
ganic compounds in the nutrition of zooplankton spec-
ies which are adapted to high latitudes and are gener-
ally phytoplankton feeders.
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Microbiology of antarctic sea water
RICHARD Y. MORITA, PAUL A. GILLESPIE,

and LARRY P. JONES
Departments of Microbiology and Oceanography

Oregon State University

Surface water from the Antarctic is rich in primary
nutrients. The principal means for the regeneration of
primary nutrients (mineralization of organic matter)
in the sea is the metabolic activity of marine bac-
teria. However, for many years microbiologists
thought that true cold-loving (obligate psychrophilic)
bacteria did not exist. If this were the case, then the
metabolic activities of marine bacteria in the regener-
ation of primary nutrients in cold waters would be ex-
tremely slow (based on the Q io rule).

We first isolated obligate psychrophiles in 1963
(Morita, 1966). Since that time our investigations on
the physiology of these psychrophiles strongly indicate
that these thermal types of bacteria should receive pri-
mary consideration in any microbiological research in
antarctic waters. In addition, we have been employing
a modified kinetic approach (Wright and Hobbie,
1965 and 1966; Hobbie and Crawford, 1969) to de-
termine the rate of in situ microbial activities in an
eutrophic lake (Burnison and Morita, 1971). It is
hoped that as a result of our wide-based approach we
can determine in situ activity of psychrophilic bacteria
during the process of normal mineralization in antarc-
tic waters. Cruise 46 of USNS Eltanin afforded us an
opportunity to test out our ideas and concepts.

Uniformly labelled carbon-14 substrates were used
for measuring uptake and respiration (mineraliza-
tion). Different concentrations of these substrates
were added to a known volume of a water sample and
incubated at the temperature from which the water
sample was obtained. These results permit us to Un-
dcrtand the activity of natural microbial populations
and their rate of assimilation and utilization of or-
ganic substrates. The track of Cruise 46 did not in-
clude the extremely productive near-shore waters of

the Antarctic. Nevertheless, our results indicate that a
significant degree of mineralization takes place in the
ice-laden offshore water. Highest activity was ob-
served near the Antarctic Convergence (station 4)
and the easternmost station near the ice shelf (station
8). The microbial activity at stations north of the
Antarctic Convergence was nearly unmeasurable.

Using water samples taken near the ice shelf (water
temperature was —1°C.) we demonstrated the psy-
chrophilic nature of the microbial flora. Significant mi-
crobial activity was observed even at —3°C. (lowest
temperature tested). Activity increased with increas-
ing temperature with maximum activity at 3°C. Tem-
peratures higher than 3°C. depressed the microbial
activity.

Bacterial isolates from Cruise 46 proved to be ex-
tremely interesting. The maximum growth tempera-
tures of some of these isolates are the lowest ever re-
corded. Interestingly, many microbiologists working in
the Arctic as well as the Antarctic never have ob-
tained obligate psychrophilic bacteria because of the
method of isolation employed or by the use of wrong
source material. The importance of correct sampling
and isolation procedures cannot be overemphasized.

Our preliminary investigations definitely indicate
that there is a significant amount of microbial activity
in antarctic waters and that we are dealing with a
unique thermal class of bacteria. These initial investi -
gations will permit us to design further research on
the microbiology of antarctic waters.
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Observations of net solar radiation
for oceanic biological study

Guy A. FRANCESCHINI

Department of Meteorology
Texas A&M University

To determine the spectral distribution of solar ra-
diation made available for primary productivity,
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Spectral components of solar radiation measured aboard USNS
Eltann, Cruise 46, at 6005. 114 0 E. on December 11, 1970. The

day was overcast. (X is wavelength.)

measurements were made aboard USNS Eltanin dur-
ing Cruise 46, which took place in the southern In-
dian Ocean during the austral summer, from Novem-
ber 20, 1970 5 to January 20, 1971. Hemisphere collec-
tors (Eppley precision spectral pyranometers) were
used in sets of four to determine the incident and up-
welling fluxes of shortwave radiation above the
water over selected wavelength bands. Schott glass fil-
ters, with lower sharp cutoffs centered at 285, 500,
630, and 700 nanometers (nm) were employed. Each
hemispheric filter was transparent to approximately
2,800 nm, thus permitting evaluation of energy asso-
ciated with four wavebands: 285 to 500 nm, 500 to
630 nm, 630 to 700 nm, and 700 to 2,800 nm. Each
set of four sensors was mounted on damped gimbals to
compensate for ship motions.

The incident or downwelling radiation was meas-
ured astern on the starboard side of the helicopter
deck. The sensors were mounted 2 m above the high
deck to minimize structural interference. A similar set
to measure the upwelling flux, reflected and back-
scattered by the water and ice, was mounted approxi-
mately 5 m above mean water level on the end of a re-
tractable boom extending 9 m forward from the bow.
Such an exposure of the downward-facing sensors,
though dangerous in high seas, permitted viewing of

waters as yet undisturbed by the ship and minimized
the solid angle—as viewed by the sensors—subtended
by the vessel. However, with the sun astern, interfer-
ence by the ship's shadow made measurements with
such an arrangement unreliable.

The output signals of all sensors were recorded si-
multaneously on potentiometric strip-chart recorders.
Although manual processing of such data is tedious,
such analog traces facilitate the monitoring of opera-
tions and the evaluation of the influence of enviroi-
mental conditions. It is hoped that in future efforts
aboard the Eltanin the data acquisition system will be
improved to include automatic integrating, digitizing,
and recording of data in situ.

The weather during Cruise 46 was nearly ideal. Un-
fortunately, bad weather and sudden rough seas did
occur occasionally, resulting in the loss of bow-
mounted instruments. Results of manual processing of
data are satisfactory. An example is shown in the
figure. The influence of sea ice may be noted be-
tween 1800 and 2000 hr in the upwelling traces. Final
results will furnish to the biological community the
spectral components of radiation made available to
the biomass in the water.

Bioacoustics of marine mammals;
R/V Hero Cruise 70-3

WILLIAM C. CUMMINGS and PAUL 0. THOMPSON

Naval Undersea Research and Development Center
San Diego

On May 15, 1970, the research vessel Hero left
Punta Arenas, Chile, in search of marine mammals
and birds along the Chilean archipelago and offshore
islands. The main purpose of this phase of Cruise
70-3 was to study the sounds of marine mammals en-
countered from Punta Arenas to Valparaiso, Chile.
Numerous sound recordings were made in the pres-
ence of blue whales, Balaenoptera musculus, South
American fur seals, Arctocephalus australis, Guada-
lupe fur seals, Arctocephalus philippi, and South
American sea lions, Otaria flavescens.

Sailing westward through the Strait of Magellan
and then northward through the island chain, we
made recordings from 32 locations. Half of these loca-
tions were inhabited by seals, porpoises, or large
whales; the others were used as listening stations for
monitoring any distant soniferous animals.

We found a large colony of South American fur
seals in the Pierre Isles, 50 0 35.5'S. 74 0 59'W. All to-
gether, about 30 animals were concentrated on a small
rocky isle. Underwater grunting and thumping sounds
extending in frequency from 30 to 600 Hz were re-
corded from the nearby seals, using one of Herb's
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